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ASSEMBLY VERIFICATION METHOD AND INSPECTION SYSTEM 

BACKGROUND OF THE INVENTION 

[001] This invention relates to the process of assembling devices that have two or more 
components. Many devices are constructed by assembling two or more individual components 
together. The construction of the individual components of many such devices that comprise two or 
more components assembled together is often such that the individual components may be engaged 
to one another in any of a number of different relative positions and orientations relative to one 
another within ranges which result from the construction of the components. Additionally, there is 
generally a preferred relative location and orientation of the components of the device. Deviation of 
the relative positions and orientations of the components of an assembled device from the preferred 
relative position and orientation can detract from the device's performance of its intended function 
and can also make assembly of other components and devices to the assembled device more 
difficult. As a result many different methods and systems have been developed in attempts to 
ensure that the relative locations and orientations of components of assembled devices are as close 
to their preferred location as possible. In the past assembly of devices has been done in assembly 
fixtures and verification and/or adjustment of the relative locations and orientations of the 
components of devices has been done with check fixtures. Additionally many other methods of 
measurement have been developed for checking relative location and orientations of components of 
devices during and after assembly. Many of the systems and methods utilized to date to ensure 
assembly of components of devices as close to the preferred relative locations and orientations do, 
however, have drawbacks including high cost, poor results, and increased assembly labor. 

SUMMARY OF INVENTION 

[002] As a result,- an object of the present invention is to provide a relatively low cost, 
effective system and method for monitoring the relative locations and orientations of individual 
components of assembled devices. 

[003] The present invention comprises an inspection system and an assembly verification 
method for determining the relative positions and orientations of components of a device assembled 
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from two or more individual components. The inspection system of the present invention comprises 
one or more inspection cameras that are fixedly located in such a manner that they are aimed at an 
inspection area. According to the inspection method of the present invention a device that is being 
assembled or has been assembled is placed in the inspection area adjacent which the one or more 
inspection cameras are disposed in positions such that when the device is disposed within the 
inspection area the device is within the viewing are of the one or more inspection cameras. After the 
device is in the inspection area the one or more inspection cameras are used to create one or more 
two-dimensional images of the device. The two-dimensional image of the device is then utilized as 
an aid in determining the relative positions and orientations of certain components of the device. 
Those components of the device the relative positions and orientations of which are determined with 
the assembly verification method and inspection system of the present invention will hereinafter be 
referred to as inspection components. Once the two-dimensional image of the device is created, the 
positions of each of a set of predetermined locating features of the inspection components of the 
device are determined. Utilizing the known positions of the predetermined locating features of the 
inspection components upon the one or more two-dimensional images of the device the relative 
positions and or orientations of the inspection components are determined. Once the relative 
positions and/or orientations of the inspection components are known they can be compared to the 
preferred relative orientations and/or positions of the inspection components to determine a 
magnitude and direction of deviation of the positions and/or orientations of the inspection 
components from their preferred relative positions and/or orientations. Knowledge of the relative 
positions and/or orientations of the inspection components of the device can be utilized in any of a 
number of ways. This data may be utilized in any of a number of different quality control analyses. 
The data may also be utilized to allow for adjustment of the relative positions and/or orientations of 
the inspection components closer to the preferred relative positions and/or orientations. 

[004] Thus, it can be seen that the above-mentioned object of the present invention as well 
as others not mentioned have been met. 

DRAWINGS 

[007] Other objects and advantages of the invention will become more apparent upon perusal of 
the detailed description thereof and upon inspection of the drawings in which: 
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Figure 1 shows a first embodiment of the inspection system of the present invention with a 
device, which is a partially assembled chassis of a vehicle, disposed in the inspection area. 

Figure 2 shows a chassis of a partially assembled chassis of a vehicle as viewed by an 
inspection camera according to the preferred embodiment of the present invention. 

Figure 3 shows a second embodiment of the inspection system of the present invention, which 
includes a rework station, with a device, which is a partially assembled chassis of a vehicle, 
disposed in both the inspection area and the rework area of the inspection system. 


DETAILS OF INVENTION 

y [008] The present invention is an inspection system 16 and assembly verification method 

|.n enabling, among other things, the determination of the relative positions and orientations of 

|p components of devices 10 constructed of two or more individual components 11 assembled to one 

Uj another. The inspection system 16 of the present invention includes an inspection area 12 and one 

s ~ or more inspection cameras 13 mounted in positions such that they are aimed at the inspection area 

•g 12 of the inspection system 16. According to the assembly verification method of the present 

fU invention a device 10, which has been or is in the process of being assembled from two or more 

in 

jp individual components 11, is first placed in the inspection area 12 of the inspection system 16. Of 
H- course, in a situation where assembly of the device 10 has not yet commenced, placement in the 
inspection area 12 of two or more individual components 1 1 that are to be assembled to one another 
as part of the assembly of the device 10 would be the first step in the assembly verification process 
of the present invention. Once the device 10, in whatever stage of assembly it may be in, or two or 
more individual components 11 are properly located within the inspection area 12 of the inspection 
system 16, the inspection cameras 13 are utilized to create one or more two-dimensional images of 
the device 10 or individual components 11 thereof in the inspection area 12. After the one or more 
two-dimensional images of the device 10 are generated, the relative positions and/or orientations of 
the individual components 11 of the device 10 may be determined. The assembly verification 
method of the present invention may comprise determining the relative positions and/or locations of 
all of the individual components 11 of the device 10 that are shown in the one or more two- 
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dimensional images of the device 10. Alternatively, the assembly verification method of the present 
invention may comprise determining the relative positions and/or orientations of less than all of the 
individual components 11 of the device 10. Those individual components 11 the relative positions 
and/or orientations of which are determined by the assembly verification method of the present 
invention will hereinafter be referred to as inspection components 15. After the one or more two- 
dimensional images of the device 10 are generated, predetermined locating features 14 of the 
inspection components 15 are located within the two-dimensional images and the positions of these 
predetermined locating features 15 are determined. The positions of these predetermined locating 
features 15 within the two-dimensional images are then utilized to calculate the relative positions 
and/or orientations of the inspection components 15 of the device 10. There are many different 
ways in which the relative positions and/or locations of the inspection components 15 of the device 
10 may be calculated that can be easily imagined by one of ordinary skill in the art. An example 
thereof being a method of calculating relative positions and/or orientations of the inspection 
components 15 which is described below in the discussion of the preferred embodiment and usage 
of the present invention. 

[009] If the assembly verification method of the present invention is to provide useful results 
there are a few guidelines according to which a device 10 must be oriented within the inspection 
area 12 of the inspection system 16. The single most important factor in the positioning of the 
device 10 within the inspection area 12 being its angle relative to a respective one of the inspection 
cameras 13 of the inspection system 16 when a two-dimensional image of the device 10 is 
generated by that respective inspection camera 13. The orientation of a device 10 within the 
inspection area 12 is most easily described as it relates to a line of sight 18 of each of the inspection 
cameras 13 of the inspection system 16 and axes perpendicular to the lines of sight 18 of the 
inspection cameras 13. The orientation of a device 10 within the inspection area 12 should be such 
that its angular orientations about those axes perpendicular to the line of site 18 of a given inspection 
camera 13 are held within predetermined relatively narrow ranges. This will help to ensure that the 
orientation of the device 10 will be in a predetermined appropriate range relative to a the projection 
plane of the two-dimensional image of the device 10 generated with the aid of the inspection camera 
13. The angular orientation of the device 10 about the line of sight 18 of an inspection camera 13 is 
considerably less important as rotation of the device 10 within the projection plane of the two- 
dimensional image of the device does not substantially hinder the calculation of relative positions 
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and/or orientations of the inspection components 15 of the device 10. The distance at which the 
device 10 is disposed from an inspection camera 13 is also, generally, of lesser importance as 
relative positions and/or orientations of the inspection components 15 can be calculated regardless 
of the distance of the device 10 from the inspection camera 13. There are a vast number of ways 
easily imagined by one of ordinary skill in the art for controlling the location and orientation of a 
device 10 within the inspection area 12 as described above. Some of these ways of controlling the 
location and orientation of a device 10 within the inspection area 12 are described below as they 
exist in the preferred embodiments and uses of the present invention. 

[0010] In the preferred embodiment of the assembly verification method the steps of locating 
the predetermined locating features 14 of the inspection components 15 of the device 10 and 
calculating the relative positions and/or orientations of the inspection components 15 are executed 
by an inspection area computer processor 18 of the inspection system 16. The inspection area 
computer processor 18 may or may not be physically located adjacent the inspection area 12 of the 
inspection system 16. In the preferred embodiment one or more of the inspection cameras 13 of the 
inspection system 16 are communicatively linked to the inspection area computer processor 18 of 
the inspection system 16 in such a manner that images captured by the inspection cameras 13 may 
be transferred as electronic data to and stored at least temporarily within memory of the inspection 
area computer processor 18 of the inspection system 16. In the preferred embodiment the computer 
programs that are embodied in computer readable medium and that control, in conjunction with user 
input, the operation of the inspection area computer processor 18 of the inspection system 16 
include an image analysis and component location routine. The image analysis and component 
location routine causes the inspection area computer processor 18 of the inspection system 16 to 
determine the locations of the predetermined locating features 14 of the inspection components 15 
within images of a device 10 transferred from an inspection camera 13 to the inspection area 
computer processor 18. Algorithms for locating features within images and computer programs 
which comprise such algorithms are well known and could easily be adapted to perform the function 
of determining the location, within an image of a device 10, the locations of predetermined locating 
features 14 of inspection components 15 of the device 10. Once the positions of the predetermined 
locating features 14 of the inspection components are determined, the image analysis and 
component location routine mathematically determines the distances and/or angles between 
respective inspection components 14 of the device 10 in an image. In the preferred embodiment the 
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inspection system 16 is further capable of determining position error and orientation error between 
respective inspection components 15 of a device 10. The position error is the difference between 
the actual relative positions of two inspection components 15 and the preferred relative positions of 
the inspection components 15. The orientation error is the difference between the actual relative 
orientations of two inspection components 15 and the preferred relative orientation of the inspection 
components 15. The position error and the orientation error of two inspection components 15 of the 
device 10 both have a direction and a magnitude. In the preferred embodiment, the inspection area 
computer processor 18 of the inspection system 16 further has the preferred relative orientations and 
locations of the inspection components 14 stored in memory. Additionally, in the preferred 
embodiment the image analysis and component location routine of the inspection area computer 
processor 18 has an error calculating subroutine that can be utilized to cause the inspection area 
computer processor 18 to compute the position error and/or magnitude error for each pair of 
individual components 1 1 for which the preferred relative position and/or orientations are stored in 
memory. 

[0011] In the preferred embodiment the inspection system 16 is further capable of 
communicating to a user thereof any data such as relative positions, relative orientations, position 
error, and/or orientation error determined and/or computed by the inspection area computer 
processor 18 of the inspection system 16. In the preferred embodiment the inspection system 16 
comprises an inspection area computer display screen 19 and/or an inspection area computer 
printer 20 communicatively linked to the inspection area computer processor 18. The results of the 
analysis of the position of the inspection components 15 may thus be transmitted from the inspection 
area computer processor 18 to the inspection area computer display screen 19 and displayed for 
viewing by the user upon the inspection area computer display screen 19 or transmitted to the 
inspection area computer printer 20 and printed on paper for viewing by a user of the inspection 
system 16. 

[0012] Dependent upon the method employed to locate the predetermined locating features 14 
of the individual components 11 of a device 10 the assembly verification method of the present 
invention may or may not include the step of actually creating a human-viewable two-dimensional 
image. In the preferred embodiment of the present invention, or in any other embodiment of the 
invention in which a computer processor is utilized to locate the predetermined locating features 14 
of the individual components 1 1 of a device, the creation of electronic data, which could be used by 
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a computer processor to create on a computer screen a human-viewable two-dimensional image, is 
functionally equivalent to the actual creation of a human-viewable two dimensional image. The 
creation of such electronic data is functionally equivalent to the actual creation of the two- 
dimensional image it represents because it is this electronic data and not the two-dimensional image 
itself that the computer processor utilizes to locate the predetermined locating features 14 of the 
individual components 1 1 of the device 10. Thus, in such embodiments of the invention the creation 
of the actual two-dimensional image is not necessary in order for the inspection system 16 to report 
to a user thereof data which conveys relative positions, relative orientations, position errors, and/or 
orientation errors of the individual components 11 of the device 10. In such a case where the 
inspection cameras 13 are utilized to create electronic data useable by a computer processor to 
create a two-dimensional image of the device the electronic data may be formatted in any suitable 
manner a limited number of examples of which are JPEG formatting, Bitmap formatting, and TIFF 
formatting. In other embodiments of the invention an individual performs the location of the 
predetermined locating features 14 of the individual components 11 of a device manually. In such 
embodiments of the invention a user of the inspection system 16 must use the inspection system 16 
to create an actual human-viewable two-dimensional image of a device 10 under inspection in order 
to enable location of the predetermined locating feature 14 of the individual components 11 of the 
device 10 and subsequent calculation and/or measurement of relative positions, relative orientations, 
position errors, and/or orientation errors of individual components 1 1 of the device 10. 

[0013] The inspection system 16 of the preferred embodiment further has provisions for storing 
the results of each execution of the assembly verification process so that the results can be retrieved 
and utilized later. In the preferred embodiment the inspection area computer processor 18 of the 
inspection system 16 or some other computer processor, to which the inspection area computer 
processor 18 of the inspection system 16 is communicatively linked, has memory space in which 
relative positions, relative orientations, position errors, and/or orientation errors can be stored. In the 
preferred embodiment of the assembly verification method and the inspection system 16 each 
device that is inspected using the assembly verification method and the inspection system 16 has a 
unique identifier code such as a serial number or other identification aid associated with it. In the 
preferred embodiment each device 10 has attached to it an identifier tag 21 that has encoded in or 
upon it the unique identifier code of the particular device 10. The identifier tag 21 may be a decal, a 
magnetically encoded strip, optically encoded material, may be painted onto the device 10, or may 
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be of any other construction suitable for carrying the unique identifier code of the device. The unique 
identifier code of each device may be encoded in any of a number of ways upon the identifier tag 21 
of the device 10. In the preferred embodiment the unique identifier codes are encoded upon the 
identifier tag 21 of each device 10 as a bar code. In the preferred embodiment of the present 
invention each set of position and orientation data for a device 10 that has been inspected is stored 
in computer memory linked to the unique identifier code, which is also stored in computer memory, 
for that device. Storage of data for a given device 10, linked to the unique identifier code for the 
device 10, in such a manner allows easy retrieval of the data for a given device 10. In the preferred 
embodiment the inspection system 16 includes an inspection station bar code reader 22 that is 
communicatively linked to the inspection area computer processor 18 of the inspection system 16 
and can be used by an operator of the inspection system 16 to load into the inspection area 
computer processor 18 the unique identifier code of the device 10 that is being inspected. Also in 
the preferred embodiment the inspection system 16 comprises a rework area computer processor 23 
that is communicatively linked to the computer memory within which the data for each device 10 is 
stored upon the completion of inspection of the device 10. The rework area computer processor 23 
is located adjacent a rework area 24. At the rework area the relative positions and/or orientations of 
individual components 11 of assembled devices 10 are adjusted to reduce the position error and/or 
the orientation error of the individual components 11 of the devices 10 to acceptable levels. The 
inspection system 16 of the preferred embodiment further includes a rework station bar code reader 
25 that is communicatively linked to the rework area computer processor 23. Thus, when a device 
10 reaches the rework area 24 an operator of the rework area computer processor 23 can use the 
rework station bar code reader 25 to scan the identifier tag 21 of the device 10 and load into the 
rework area computer processor 23 the unique identifier of the device 10. Once the unique identifier 
is loaded into the rework area computer processor 23 the user can easily retrieve the data from 
computer memory the data for that particular device 10. The inspection system 16 of the preferred 
embodiment further includes one or both of a rework area computer display screen 26 
communicatively linked to the rework area computer processor 23 and a rework area computer 
printer 27 communicatively linked to the rework area computer processor 23. Thus, once a user of 
the rework area computer processor 23 has caused it to retrieve the data for a given device 10 the 
user can cause the data to be displayed upon a rework area computer display screen 26 and/or 
printed by a rework area computer printer 27 so that they may be availed of the data. The user of 
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the rework area computer processor 23 may, thereafter, utilize the data for the given device to adjust 
the positions and/or orientations of the individual components 1 1 of the device 10. 

[0014] There are any number of positions and orientations in which the inspection cameras 13 
and a device 10 may be disposed relative to the inspection area 12 of the inspection system 16 in 
accordance with the present invention and the guidelines outlined above for the preferred relative 
location of a device 10 within the inspection area 12 and the inspection cameras 13. Additionally, 
the positions and orientations of the inspection cameras 13 relative to the inspection area 12 may be 
fixed or moveable. In some embodiments of the present invention the inspection cameras 13 may 
be mounted to adjustable fixtures or robots either of which can be utilized to securely support an 
inspection camera 13 in any of a plurality of positions and/or orientations. There may be provisions 
such as fixtures (which may be static or adjustable fixtures) or robots for fixing a device 10 in one or 
more respective positions and orientations relative to the inspection area 12 during inspection of the 
device 10. In cases where the inspection cameras 13 and/or a device 10 within the inspection area 
12 are located by adjustable fixtures and/or robots there are a plurality of relative positions and/or 
orientations in which the inspection cameras 13 and the device 10 can be disposed and, thus, the 
inspection cameras 13 can be utilized to create two-dimensional images of the device from a number 
of positions and/or orientations. In the preferred embodiment the inspection cameras 13 are located 
in a fixed position relative to the inspection area 12. In the preferred embodiment the inspection 
cameras 13 are oriented with their line of site 28 extending directly vertically downwardly from the 
inspection camera 13 toward the floor 29 of the inspection area 12. Also in the preferred 
embodiment each device 10 that is to be inspected using the inspection system 16 is supported 
upon a track 31, or moving cart 30, or a moving cart 30 upon a track 31 in such a manner that the 
orientation of the device 10 is stable about axes within the plane of the floor 29. In the preferred 
embodiment a device 10 supported upon a track 30 or moving cart 31 is moved into the inspection 
area 12 directly under one or more of the inspection cameras 13 and the inspection cameras 13 are 
used to create a two-dimensional image of the device 10. 

[0015] The assembly verification method and inspection system of the present invention may 
be utilized to inspect any of a number of different types of devices 10, One set of devices 10 which 
the present invention is well suited to inspect includes vehicles and/or subsystems of vehicles. 
Vehicles and their subsystems are constructed of a number of individual components 1 1 engaged to 
one another and the relative positions and/orientations of the individual components 11 of an 
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assembled vehicle or subsystem thereof has a substantial impact upon the performance and 
customer perception of quality of the vehicle. The relative positions and/or orientations of the 
individual components 11 of an assembled vehicle 10 or subsystem thereof also has a substantial 
impact on the ease with which other systems and components can subsequently be assembled 
thereto. The application for which the present invention was developed is the inspection and 
adjustment of the relative positions and/or orientations of individual components of a chassis 32 of a 
medium-duty or heavy-duty truck vehicle. Figure 2 shows such a chassis 32 as it would preferably 
be viewed by an inspection camera 13 of the inspection system 16 during inspection of the chassis 
32. Such a chassis 32 typically includes a frame ladder 33 comprising two frame rails 34 extending 
parallel to one another and a plurality of crossmembers 35 that extend between the frame rails 34. 
Such a chassis 32 also typically comprises two or more axles 36 attached to the frame ladder 33 and 
extending transverse to the frame rails 34 of the frame ladder 33. Such a chassis 32 may further 
include a powertrain and/or other components such as battery boxes and fuel tanks which are not 
shown in the figures. It will of course be understood that a chassis 32 of a vehicle may include 
components and systems not mentioned directly above and may not include some of the 
components or systems mentioned above. It will also be understood that, at a time at which an 
inspection system 16 according to the present invention is used to perform the assembly verification 
method of the present invention upon such a chassis 32, the chassis 32 may be in various stages of 
assembly and may not yet have all of its components assembled to one another. 

[0016] The specific purpose for which the present invention was initially developed is ensuring 
positioning of the axles 36 of a chassis 32 of a medium-duty or heavy-duty truck close to their 
preferred orientation with respect to the frame ladder 33 of the chassis 32. The preferred orientation 
of the axles 36 with respect to the frame ladder 33 being perpendicular to the frame rails 34 of the 
frame ladder 33. In this embodiment of the present invention a partially or fully assembled chassis 
32, which has one or more axles 36 mounted to it, is supported upon a moving cart 30, which is 
supported upon a track 31, and the chassis 32 and moving cart are moved into the inspection area 
12 directly underneath the inspection cameras 13 of the inspection system 16. The chassis 32 is 
located at this time within the inspection area 12 with its one or more axles 36 and its frame rails 34 
disposed substantially parallel to the floor 29 of the inspection area 12. Once the chassis 32 is 
disposed in such a manner within the inspection area 12 a user of the inspection system 16 causes 
the inspection cameras 13 disposed above the chassis 32 to photograph the chassis 32 and 
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electronic data, which has encoded in it information useable by a computer processor to create a 
two-dimensional image of the chassis 32, is created. This electronic data, within which a two- 
dimensional image of the chassis 32 is encoded, is then communicated to the inspection area 
computer processor 18 after which the inspection area computer processor 18 executes the image 
analysis and component location routine upon this electronic data. During the image analysis and 
component location routine the inspection area computer processor 18 locates the predetermined 
locating features 14 of the inspection components 15 of the device 10, which in this case is the 
chassis 32. In this embodiment the inspection components 15 are the frame rails 34 and one or 
more of the axles 36 of the chassis 32, as it is their relative orientation that is of interest. In this 
embodiment he predetermined locating features 14 of the one or more axles 36 are the center points 
38 of the ends 39 of the axles 36. In this embodiment the predetermined locating features 14 of the 
frame rails 34 are the outer edges 40 of the frame rails 34. In this embodiment of the invention the 
image analysis and component location routine causes the inspection area computer processor 18 
to calculate the orientation of an axle centertine 41 that passes through the center points 38 of the 
ends 39 of the axle 36. The inspection area computer processor 18 also calculates a frame ladder 
centertine 42 by fitting a line to a set of points equidistant from the outer edges 40 of the frame rails 
34. The inspection area computer processor 18 then calculates the angle between the axle 
centertine 41 and the frame ladder centertine 42. The inspection area computer processor 18, which 
has stored in memory that the preferred relative orientation of the axle centertine 41 and the frame 
ladder centertine 42 is perpendicular, subtracts 90 degrees from the calculated value of the angle 
between the axle centertine 41 and the frame ladder centertine 42 to arrive at the orientation error of 
the axle 36 relative to the frame ladder 33. The image analysis and component location routine of 
the computer program that controls the inspection area computer processor 18 always causes the 
inspection area computer processor 18 to calculate the angle between the axle centertine 41 and the 
frame ladder centertine 42 within the same one of the four quadrants segmented by the axle 
centertine 41 and the frame ladder centertine 42. As a result, an orientation error calculated by the 
inspection area computer processor 18 that is a positive value indicates displacement in one 
direction from the preferred embodiment and an orientation error that has a negative value indicates 
displacement from the preferred orientation in an opposite direction. Once the orientation error of 
the axle 36 relative to the frame ladder 33 is known, the orientation of the axle 36 relative to the 
frame ladder 33 can be adjusted toward the preferred orientation. This adjustment can take place 
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within the inspection area 12 at the time of inspection, or if the results of the inspection are stored in 
computer memory or on a computer printout the adjustment could take place at a later time and 
place such as at a rework area as described above. Of course it will be understood that while the 
example of determining the orientation error of an axle 36 relative to a frame ladder 33 has been 
described for exemplary purposes, many other embodiments of the assembly verification method 
and the inspection system 16 of the present invention may be used to inspect many other types of 
devices 10. 

[0017] In the embodiment of the present invention in which the assembly verification method 
includes a step of adjusting the position and/or orientation of inspection components 15 of a 
devicelO while the device is in the inspection area 12, the inspection system 16 may be utilized to 
communicate to the individual performing adjustment the effectiveness of the adjustments. In order 
to accomplish this a user of the inspection system 16 would first utilize the inspection system 16 to 
determine initial position errors and/or orientation errors of the inspection components 15, 
subsequently adjust the position and or orientation of the inspection components, and then 
determine the effectiveness of the adjustment by utilizing the inspection system 16 to determine 
position errors and/or orientation errors after the adjustment. This procedure may be repeated by a 
user of the inspection system 16 until they are satisfied with the position errors and/or orientation 
errors present between the inspection components 15 of the device under inspection. This process 
of adjusting the positions and orientations of inspection components 15 of a device 10 under 
inspection with feedback from the inspection system 16 is improved as the speed increases at which 
the inspection system 16 can update the user of the system on the current position and/or orientation 
errors present between the inspection components 15 of the device under inspection. According to 
some embodiments of the present invention the position and/or orientation errors between inspection 
components 15 of a device 10 under inspection may be updated virtually instantaneously after 
adjustment of the position and/or orientations of inspection component 15 of the device 10. Such an 
embodiment of the invention would comprise an inspection system 16 configured in such a manner 
that the inspection cameras 13 take multiple pictures of the device 10 in rapid succession and 
transmit electronic data with a two-dimensional image encoded in it to the inspection area computer 
processor 18 each time the inspection camera 13 takes another picture. Such a system could easily 
be configured to take a new picture of the device 10 under inspection and to update the calculated 
position errors and/or orientation errors many times per second. Such a construction and operation 
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of the inspection system 16 would, thus, allow for updating of the position errors and/or orientation 
errors determined by the inspection system 16 in virtually a real-time manner and thus allow for 
adjustment of the positions and/or orientations of the inspection components 15 of the device 10 
under inspection in virtually a real time manner. 

[0018] The inspection area 12 of the present invention may be part of an assembly line for 
devices 10. As is well known, such an assembly line comprises a number of work areas disposed 
adjacent one another through which the devices 10 that are constructed on the assembly line move 
consecutively as the devices 10 are assembled. According to this embodiment of the present 
invention the inspection area 12 of the inspection system 16 would be located at or between one or 
more of the workstations of the assembly line and the inspection cameras 13 of the inspection 
system 16 would take pictures of the devices that are being constructed as the devices 10 move 
past the cameras 13. 

[0019] It will be understood by those skilled in the art that in some instances some features of 
the invention will be employed without a corresponding use of other features. It will also be 
understood by those skilled in the art that modifications could be made to the invention as described 
without departing from the spirit and scope of the invention and thus the scope of the invention is 
limited only by the following claims. 
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